The coal mine underground reservoir is an appropriate solution between coal mining and groundwater resource protection and utilization. By calculating the storage capacity of a groundwater reservoir, the storage coefficient has been proved to be always an empirical value. Based on the mathematical derivation of the vertical fracture area ratio and the horizontal fracture area rate of the collapse zone and the fissure zone in the goaf area of the coal seam, the mathematical models of tem are derived, and the model for calculating the water storage coefficient is derived. The water storage coefficient derived from the theoretical model had more basis and more advanced than the traditional empirical value. By using this method, the practical calculation of No.1 underground reservoir of the DaLliuta Coalmine in Shenhua Shendong, has got a perfect matching with the actual groundwater storage capacity.
Introduction
Researches have been trying and exploring the use of underground reservoir space [1] [2] [3] [4] [5] , and the use of underground reservoir space for usage and storage, which has achieved good results in some aspects. For example, a carbonate karst cave was used as the natural gas reservoir [6, 7] .The fissured storage space formed by underground mining was used to carry out cyclical trials of geothermal energy [8] [9] [10] [11] [12] . The underground space was created as the underground reservoir [13] . A certain fissured reservoir space has been formed during the coal mining process, and there have been continuous attempts at utilizing the reservoir space formed by coal mining at home and abroad [14] [15] [16] [17] [18] [19] . Gu Dazhao proposed the concept of underground protection and utilization of coal with the core of "guiding, storing and using" in the coal-rich and water-scarce Shendong mining area in China (Figure 1 ), and established a theoretical system to complete the groundwater of 35 coal mines and realize the recycling of coal mine water [17] .
There are currently 35 coalmine underground reservoirs in the Shendong Mining Area with a storage capacity of approximately 2.5×10 7 m 3 or more [16] . In the process of construction and use of coal mine underground reservoirs, the determination of reservoir storage capacity not only affects the utilization of the reservoir, but also has certain risks. The actual water storage capacity is less than the storage capacity of the reservoir and leads to the efficiency of the underground reservoir usage. However, the actual water storage capacity is greater than the reservoir capacity, which is prone to the danger of permeating the coal mining of the nearby groundwater reservoir. Underground water storage capacity is the product of the reservoir's water storage volume and the water storage coefficient, and the water storage coefficient is derived from the Rule of Mine Prevention and Cure Water Disaster, which is an empirical coefficient. The water storage coefficient is constrained by various factors of coal mining, and it is difficult to accurately calculate the storage capacity of the reservoir. This paper introduces the concepts of vertical and horizontal fissure area rates based on the collapse zone and fissure zone of the goaf after coal mining. Through the establishment of a mathematical model, the values of the vertical and horizontal fissure area ratios were obtained, and the water storage coefficient is derived. It is hoped that it can be used as a reference for the calculation of the precise reservoir capacity of coal mine underground reservoirs. 
Numerical simulation software
According to the purpose of the study test and the performances of the numerical simulation software, Itasca's UDEC software was used to simulate the characteristics of the overburden destruction in the mining process of the working face. The rock characteristics of each strata are shown in Figure 2 . The joint parameters are selected according to the Coulomb sliding theory in the UDEC joint model, and the value is determined by orthogonal test method. The visual analysis method was used to analyze the parameters of the overburden shown in Table 1 and Table 2 . 
Characteristics of overburden failure
The damage characteristics of overlying strata during the mining of working face are shown in Figure 3 . When the advancing distance of the working face was 20 m, immediate roof began to fall and ran through the immediate roof sandy mudstone layer, and partially falls. The height of the falling belt was about 3-4 m; When the working surface was advanced up to 50 m, the falling belt continues to expand upwards to the middle sandstone layer. The lower part of the middle sandstone layer starts to fall. The height of the falling belt was approximately 7-9 m; Due to the large thickness of the middle sandstone layer, the height of the falling belt no longer developed upward during excavation to 100 m; When the working surface was propelled by a distance of 150 m, the falling belt continued upwards, basically stabilizing on the top surface of the middle sandstone layer, and the height of the falling belt was about 12-14 m. Fallen rock deformations gradually filled the goaf area, and within a certain range of rock deformations, the rock strata began to split along the stratification to form the separation layer (the crack from the strata). And a large number of cracks (breaking gaps) that were perpendicular or oblique to rock formations are generated under tensile stress, and the height was 50-54 m; The upper rock layer moved in an integrated manner, generally no pull failure occurs, and normal bending occurred only under the action of its own weight. The rock body maintained its original integrity and entered the curved sinking belt. Through analysis, it can be seen that during the advancing of working face, the shear failure of the coal seam roof occurs first, thereby promotes the continuous development of cracks. When the working surface pushing distance exceeds the initial pressure, the direct roof begins to fall and the old roof gradually forms a structure. The height of the falling belt formed by coal mining is 12-14 m, and the height of the crack zone is 55-60 m. During the advancement of the work surface, the direct roof and the old roof appear cyclical decline, and the falling rock layers in the goaf area are gradually compacted. However, in the range of 40-50 m on both sides, there is still a relatively obvious vertical breaking gap, that is, there is a certain range of crack development areas around the goaf.
To further study the settlement of the overburden and the development of the bed separated fracture, the displacement data of strata at different heights from the coal seam roof were extracted, and the corresponding settlement curves of the overburden were made, as shown in Figure 4 . The settlement curve of the rock shows that after the excavation was completed, the settlement of the immediate roof strata reaches the height after the excavation, and the displacement at the front section and the opening at the work was small. The settlement curve was approximately "U" and gradually decreased upwards. The settlement curve gradually shifted to the "V" type. The maximum subsidence of each rock formation was inversely proportional to its distance from the roof; with the increase of the distance from the roof of the coal seam, the overlying rock deformations were successively displaced from the bottom to the top, the settlement was non-linear, and the moving form was asymmetric.
According to the overburden failure after complete caving, the angle between the fractured surface and the roof plane that was formed in the direction of goaf after roof caving, namely the caving angle, was calculated to be 60°.
Establishment of theoretical model
Rock fractures (or cracks) caused by mining activities are called mining cracks. According to the size and shape of the fracture, it can be divided into horizontal and vertical fractures. Segregation cracks were mainly caused by the non-synchronization of the rock subsidence. The direction is generally along the direction of the working surface and the length is large. Longitudinal fissures are mainly due to shear or extension of rock formations. They are generally vertical or nearly perpendicular to rock formations, and they are small in length and may penetrate through the upper and lower rock formations locally ( Figure 5(a) ). In the falling zone, cracks in the cracked rock mass are the main water storage space of the underground reservoir. The reservoir volume (F) was the volume of disintegrated rock mass within the groundwater reservoir, and the water storage coefficient (α) is the fracture volume fraction of the disintegrated rock mass within the mined area.
The underground reservoir capacity can be expressed as:
Reservoir capacity（V）= reservoir volume（F）×water storage coefficient（α）
The storage capacity was a function of the water level. As the water level increases, the storage capacity increases gradually. In the calculation of reservoir capacity, it is assumed that the number of strata in the strata within the falling zone (Hm) is n1; the number of strata below a certain water level (Hw) after the reservoir is stored is n2.
It was assumed that the vertical fracture was a flat, smooth, plane perpendicular to the direction of advancement of the working face, and the horizontal fracture was a horizontal, smooth plane. The water storage coefficient can be equivalent to the area ratio of the fissure in the falling zone above the goaf on the section along the mining direction ( Figure 5(b) ).
Water storage coefficient(α)= vertical fracture area ratio(α1)+ horizontal fracture area ratio(α2).
Vertical fracture area ratio
Assuming the rock was homogeneous and isotropic, the initial pressure step distance was l1, the number of vertical fractures produced by the initial pressure was n1, the periodic pressure step distance was l2, only one vertical fracture was produced by each periodic pressure, the thickness of coal seam was H, the width of vertical fracture was δ, and the length of working face was L.
Vertical fracture area ratio.
The initial pressure step: As shown in Figure 6 , for the collapse caused by the initial pressure, the two-dimensional elastic mechanics model was: the simply supported beam under the uniform load q1.
According to the mechanics theory of materials, for a simply supported beam with rectangular section (height h, width b) and span l under uniform load q1, and the maximum bending moment was at the center of the span, which was: The maximum bending normal stress was at the center of the span, which was: In the above formula, the key is to determine the line load q1 to which the direct top is subjected.
According to the principle of combined rock beam, the formula for calculating the surface load of the immediate roof was: , b was the length perpendicular to the line load, that is, the width of the working face, and q1 can be obtained.
Cycle to press the step: As shown in Figure 7 , for the cycle of pressure generated by the fall, the two-dimensional elastic mechanics model: Under the uniform load q2, the right end rigid junction cantilever beam. According to the mechanics theory of materials, for a cantilever beam with rectangular section (height h, width b) and span l under uniform load q2, and the maximum bending moment was at the fixed end, which was:
The maximum bending normal stress was at the fixed end, which was: After the initial caving of the immediate roof, in the subsequent mining, stress concentration occurs in the front section of the work, and the stress concentration factor λ is related to the roof lithology. Generally, the mudstone was 1.3, the sandy mudstone was 1.4, and the sandstone was 1.5. In the calculation process, the stress concentration factor was reasonably selected according to the lithology of the immediate roof, q2=λ×q1.
Vertical crack width δ: The geometric characteristics of the block displacement in the initial collapse are shown in Figure 8 . According to the mathematical relationship:
The maximum opening ∆ of the vertical fracture after periodic caving was:
Considering the collapse of the overlying strata, the compaction of the vertical fractures is compacted and the final vertical crack width is taken as δ=0.5δ0, that is:
Horizontal fracture area ratio
Assuming that the horizontal fissure was a horizontal thin layer of thickness b, the vertical stress was generally three times of the horizontal stress, so the thickness of the horizontal fissure was 1/3 of the vertical fissure. The number of strata below a certain water level (Hw) after the impoundment of the reservoir was n2. In the section along the working surface, the horizontal fissure area rate.
Reservoir volume
Reservoir volume refers to the volume of disintegrated rock mass within the scope of the underground reservoir. After the overlying strata collapsed, the range of the fall zone decreased progressively from top to bottom, with a sag angle of θ. The advancing distance of the coal face was L, and B was the width of the face. After a reservoir is filled with water, the volume of fragmented rock mass at a certain water level (Hw) is equivalent to the model in the figure (Figure 9 ). 
Engineering practice

Practice of underground reservoir in Daliuta Coal Mine
The Daliuta mine field is located on the east bank of the midstream of the Wulanmulun River. The terrain is high in the north and low in the south, and the eastern and northern branches of the ditch are developed. The bedrock in the north is bare and the maximum height difference is 216m. The main aquifer in well field is in the alluvial layer of the Quaternary river valley in the Wulan Mulun River and the Breuchuan River Basin. The Quaternary Pleistocene Sarah Soo group, mainly located in the lower-lying areas of the area. It is mainly distributed in the middle part of the well field, which is located on the basement rock and below the silt-loess layer. The Quaternary Lower Pleistocene Sanmen Group gravel layer aquifer, and the layer is partially in direct contact with the Quaternary loose sand layer, with a thickness of 0-27.4 m, an average thickness of 11.77 m, and an aquifer thickness of 0.10-27.48 m, with an average of 8.24 m. There are also clastic rock fractured aquifers in the Mesozoic, which are mainly exposed in the Hara Gully, the Muhegou and the Wangqugou.
The first goaf storage facility in Daliuta Coal Mine was completed in 1998. On the basis of the water storage technology in the goaf, through continuous technological innovation, a "circular, environment friendly, energy-saving and efficiency" distributed underground reservoir of coal mine that makes full use of the goaf space to store water, filters and purifies the water body by gangue in the goaf, and transports water by natural pressure difference was built in two levels in 2010. With the underground water supply, underground drainage, mine water treatment, flood control, environmental protection and energy-saving emission reduction 6 major functions.
Calculation of underground reservoir capacity
The direct top of Reservoir No. 1 is sandy mudstone, with thickness h=3 m, compressive strength of c  =32.65 MPa, working face width B=200 m, combined with the stratification of the strata in Figure 1 , and the physical and mechanical parameters of coal and rock in Table 1 . According to formula (1) The immediate roof was sandy mudstone, with the stress concentration factor of λ=1.4, q2=λ×q1=20,664 KN/m. By substituting it into the Formula (5), the periodic pressure step distance was obtained: The average thickness of 2-2 coal mine No. 1 underground reservoir within the horizontal range was H=4 m. By substituting it into the Formula (6), the width of the vertical fracture after compaction was obtained:
Assuming only one fracture was produced by initial pressure in the middle and front and back coal wall, that is, n1=3. According to the Formula (2), the calculation results of the vertical fracture area ratio are shown in Table 3 . The area ratio of horizontal fissures has nothing to do with the length of the working face. According to the drilling data, the statistics of the stratification of rock layers under different water levels are shown in Table 4 . The caving angle was θ=60°, the working face width was b=200 m. According to the Formula (8), the calculation results of the reservoir volume are shown in Table 6 . According to the Formula (1) and the above calculation results, the reservoir capacity of 2-2 coal mine No. 1 underground reservoir was:
When the water level was 5 m, the reservoir capacity was 139.98×10 4 m 3 ;
When the water level was 10 m, the reservoir capacity was 248.91×10 4 m 3 ;
When the water level was 15 m, the reservoir capacity was 357.54×10 4 m 3 .
According to the theoretical model, the calculated water storage capacity and actual storage capacity of the No. 1 underground reservoir of No. 2 coal No. 1 in Daliuta coal mine are compared. Table 3 shows the length, width and elevation of the three working faces and the water level. According to the theoretical calculation, the water storage capacity is 44.7648×10 4 m 3 . The measured groundwater storage capacity of the three working surfaces is 47×10 4 m 3 , and the difference between the theoretical calculation and the actual storage volume value is 4.8%. 
Conclusion
Coal mine underground water storage plays an important role in the protection and utilization of groundwater in coalmine area, which makes the underground water in the mining area to get recycled, especially in areas that are rich in coal and water, it solves the conflict between water resources protection and coal mining. The water storage coefficient derived from the theoretical model is more based and advanced than the traditional empirical value storage coefficient, and is of great significance in predicting the actual storage capacity of the underground reservoir in a coal mine. Through the establishment of mathematical models to obtain the vertical and horizontal fracture area rate values, and then to derive the water storage coefficient, improve the accuracy of the mine underground reservoir storage capacity calculation. The theoretical water storage calculated by engineering practice has a good match with the actual water storage capacity of the reservoir. 
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